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Expression of immunoglobulin-cytokin fusion proteins in 

malignant B cells 

PATENT SPECIFICATION 

The present invention relates to a vector for the 
expression of immunoglobulin-cytokin fusion proteins in 
malignant B cells, a method for the expression of 
immunoglobulin-cytokin fusion proteins in malignant B cells, 
uses of said vector as well as malignant B cells containing 
said vector. 

The immunoglobulin idiotype expressed on B cell 
lymphomas is a tumour- specific antigen which however shows a 
low immunogenicity in the host bearing the tumour. Several 
approaches have been evaluated to induce an immune reaction 
against the idiotype. I. a., the idiotype has been coupled to 
GM-CSF to be used as a soluble protein for the vaccination of 
mice (Nature 362, 755-758, 1993). GM-CSF is able to recruit 
professional antigen-presenting cells and leads to an 
effective presentation of the idiotype and, thus, to the 
activation of T cells. This approach bears the disadvantage 
that the immunoglobulin V genes of the lymphoma have to be 
cloned and the fusion protein has to be produced in vitro and 
purified. Therefore, this would require in a clinical 
situation to prepare individual vaccines for each patient. 
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It is an object of the present invention to provide 
novel vectors which may be employed universally in patients 
without need to prepare individual vaccines. 

This object has been solved according to the invention 
by means of a vector for the expression of immunoglobulin- 
cytokin fusion proteins in malignant B cells at least 
containing operably linked to each other 

(a) a region of at least 1.5 kb which is homologous to 
a region of the \i intron" tfr the K introrrand which optionally 
contains or lacks or contains a non- functional C M or C K 
enhancer; 

(b) at least one DNA sequence encoding a domain of an 
immunoglobulin or a part thereof; 

(c) a DNA sequence encoding a cytokin; and 

(d) a marker selectable in eukaryotic B cells which 
optionally contains an enhancer or lacks a functional 
enhancer region wherein following integration the expression 

of this marker is controlled by the cellular or C K 
enhancer. 

Preferred embodiments of the invention become obvious 
from the dependent Claims, the following Description as well 
as the Example. 

While fusion proteins obtained according to the prior 
art, i.e. as in the publication cited above in Nature 362, 
755-758, 1993, were expressed in vitro following transfection 
of cell culture cells, purified, and administered in soluble 
form, the vectors provided according to the invention enable 
site-specific insertion of the cytokin gene by homologous 
recombination into the heavy chain locus of immunoglobulin 
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genes without any need to isolate the V gene and to insert 
the gene into the vector. The vector of the invention is 
directly incorporated into the malignant B cell and the 
expression is induced in this cell, so that the 
genetechnological altered tumour cells may be administered 
directly to the patient as compared to previous approaches 
where it is required to administer the soluble previously 
purified protein. This does not only save time, effort, and 
costs but also leads to "-a -significantly -better tumour- 
protective effect . 

Starting material for the construction of the vectors 
according to the invention were the integration vectors for 
the preparation of recombinant antibodies which have been 
described in DE 44 06 512. These vectors are useful for the 
highly efficient production of chimeric mouse/human 
antibodies. The integration vectors described in DE 44 06 512 
served only for the preparation of recombinant antibodies and 
have therefore been expressed solely in antibody-producing 
hybridoma cells. The solution according to the invention to 
express immunoglobulins in the form of fusion proteins with 
cytokins by homologous recombination directly in malignant B 
cells and to use the malignant B cells modified in this 
manner for the vaccination of patients with malignant B cell 
tumours is not rendered obvious by DE 44 06 512. 

By the present invention, a cytokin gene is introduced 
into the immunoglobulin heavy chain locus of malignant B 
cells, for example B cell lymphoma cells, via homologous 
recombination. For this purpose, an integration vector having 
the features of claim 1 has been constructed. Following site- 
specific integration into the heavy chain locus an 



immunoglobulin-cytokin fusion protein is expressed under the 
control of an endogenous V H promoter. 

The recombination vector described may be potentially 
used for all lymphomas. By introduction of the cytokin gene 
by homologous recombination into the heavy chain locus of the 
malignant B cell an isolation of the idiotype may be avoided. 
By this, the time it takes until the start of therapy is 
significantly reduced. Furthermore, it is possible to use the 
tumour cells modified by- homologous recombination after 
irradiation for a vaccination without having to purify the 
fusion protein. The following Example shows that the tumour- 
protective effect is much more pronounced if the vaccination 
is carried out using the modified cells provided according to 
the invention instead of the soluble protein. 

Construction of the vector according to the invention is 
based on the integration vectors described in DE 44 06 512. 
For complete disclosure, this German Patent Document is 
incorporated herein by reference in its entirety. However, 
the integration vectors described in DE 44 06 512 are 
modified according to the invention, so that no recombinant 
antibodies may be expressed and recovered but that instead 
fusion proteins of immunoglobulin genes and cytokins which 
are directly expressed in malignant B cells are obtained. 

The vector of the invention may have a region of at 
least 1.5 kb with homology to an intron region in which the 
Ig enhancer naturally does not occur or from which it has 
been deleted or in which it is inactivated; or in a further 
embodiment the vector according to the invention has a 

functional C M or C K enhancer. 
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The DNA may for example comprise one or more exons as 
long as it encodes a functional domain of an antibody or a 
functional part thereof. If the functional part of the domain 
is a part of a V domain this must be able to bind to or to 
contribute to binding to the target antigen. If the 
functional part is a part of a C domain, this must be able to 
exert at least part of the effector functions. 

In a preferred embodiment the region of the /i or K 
intron of at least 1.5 kb comprises the region in which the 
C M or C K enhancer is localized where this region optionally 
contains a or lacks a functional C M or C K enhancer. 

In this latter embodiment the enhancer may be either 
deleted or inactivated. Such an inactivation may for example 
be brought about by mutagenesis according to methods known 
from the prior art . 

In the selectable marker, the enhancer has been deleted 
or inactivated. In another embodiment the marker lacks a 
natural enhancer. In a further embodiment the selectable 
marker contains an enhancer. 

The homologous sequence contained in said vector must 
have a length of at least 1 . 5 kb to achieve a homologous 
recombination event at all. This DNA sequence of at least 1.5 
kb may be selected from different regions of the C M or C K 
intron. According to the invention, the enhancer itself may 
be absent from the construct or be deleted from the 
homologous flanking region or inactivated therein. During 
integration of the vector into the homologous sequence of a 
functionally rearranged antibody gene the expression of the 
recombinant gene is put under the control of an endogenous 
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enhancer. If exons are inserted which encode the constant 
region these are additionally put under the control of the 
endogenous V promoter. Moreover, the enhancer controls the 
expression of the selectable marker thereby ensuring that the 
selection marker is only activated if it is ligated into the 
proximity of a strong enhancer. By the site of homology used 
a homologous recombination with the immunoglobulin locus is 
promoted whereby the selectable marker is placed under the 
control of the endogenous "C M or C K enhancer. 

Expression of the recombinant gene provided according to 
the invention coding for an immunoglobulin-cytokin fusion 
protein is regulated following site-specific integration 3' 
of the heavy chain V gene of the malignant B cell by the 
endogenous V H promoter. 

Cloning techniques are well known to the skilled artisan 
from the prior art. For example, reference is made to 
Sambrook et al . , "Molecular Cloning, A Laboratory Manual", 
2nd edition 1989, Cold Spring Harbour Laboratory, Cold Spring 
Harbour, USA, and to Harlow and Lane, "Antibodies, A 
Laboratory Manual", 1988, Cold Spring Harbour Laboratory, 
Cold Spring Harbour, USA. 

The endogenous immunoglobulin V gene segment of the 
immunoglobulin- producing B cells remains unchanged and is 
expressed after homologous recombination linked to the 
introduced constant gene segments as well as the cytokins . In 
this way, the idiotype of the B cell lymphoma is preserved, 
but its physical linkage to the cytokin leads to enhanced 
presentation by the antigen-presenting cells and thereby to 
an enhanced immunogenicity of the idiotype. Thus, in contrast 
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to the vector of DE 44 06 512 the vector according to the 
invention does not encode a V domain or a part thereof, but 
instead encodes the endogenous V sequence and, thus, the 
idiotype of the transfected B cells is conserved. 

In another preferred embodiment the vector shows a DNA 
sequence which encodes a constant region or a part thereof . 
This sequence may either encode the heavy or the light chain 
of an antibody. It is known to the skilled artisan that in 
all idiotypes several exons code for the- heavy chain. If only 
one C H exon for the heavy chain is present in the construct 
this preferably is the C H1 exon. By a construct of this type 
it is possible to prepare fusion proteins having an 
immunoglobulin portion with the functionality of Fab or 
F(ab) 2 fragments. However, the vector according to the 
invention preferably contains all the exons of one type of 
heavy chain enabling expression of a complete heavy chain. In 
this embodiment the elements (a) , (b) , (c) , and (d) are 
arranged in this order in 5 "-3' direction. 

In another preferred embodiment of the integration 
vector according to the invention the region homologous to 
the \i or the K intron has a length of 1.9 kb or 2,0 kb. 

In a further preferred embodiment the vector according 
to the invention contains a regulatory unit compatible to 
bacteria. Such a bacteria-compatible regulatory unit enables 
cloning and amplification of the vector in bacterial systems, 
for example in E. coli. Bacteria-compatible regulatory 
systems are known to the skilled artisan from the prior art; 
cf. Sambrook et al . , as mentioned above. An example for said 
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bacteria-compatible regulatory unit is the regulatory unit of 
plasmid pBR322 . 

In a further embodiment the immunoglobulin portion of 
the fusion protein is of chimeric nature. By "chimeric" there 
is meant an immunoglobulin which combines the V and C regions 
of different species. For example, a V gene from mouse may be 
combined with a C exon of a human isotype. 

In another embodiment the DNA sequence of the feature 
(b) encodes a human immunoglobulin chain-. This domain may be 
V as well as C domains or parts thereof. 

In a further preferred embodiment of the vector 
according to the invention the DNA sequence encodes domains 
derived from mouse, rat, goat, horse or sheep. Preferably, 
all the DNA sequences for sequences encoding either the V or 
the C regions are derived from one of said animal species 
where the C regions may also be taken from different animal 
species . 

In an advantageous embodiment of the present invention 
the vector bears a constant Ig region which is xenogeneic to 
the patient and which may be advantageous for the induction 
of an immune reaction. 

As with the DNA sequences encoding human domains used in 
another embodiment of the vector of the invention, DNA 
sequences encoding these domains for homologous recombination 
may be employed together with the corresponding sequence of a 
different mammalian species. 

In another preferred embodiment of the vector according 
to the invention the DNA sequence encodes all the C domains 
of a secretory antibody. 
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A further preferred embodiment of the vector according 
to the invention contains a DNA sequence encoding C domains 
of an antibody being an IgM, IgGl, IgG2a / IgG2b, IgG4 , IgA, 
IgD, or IgE antibody. It is well known to the skilled artisan 
that some of these isotypes are not present in all mammalian 
species. For example, the human genome contains C genes 
encoding the IgG4 isotypes but no IgG2a or IgG2b isotypes. In 
contrast, the mouse genome contains C genes encoding the 
IgG2a and the IgG2b isotype but not the -IgG4 isotype. 

in a further preferred embodiment of the integration 
vector according to the invention the selectable marker is 
gpt, neo or codes for hygromycin resistance. It is known to 
the skilled artisan how to cultivate cells under selective 
conditions necessary for these markers (cf. Sambrook et al . , 
see above) . Moreover, the skilled artisan will be able to 
choose other selection markers which may be used in the 
vector according to the invention. 

Transfection of immunoglobulin-producing cells is 
regarded as a standard procedure in modern immunology. It is. 
well known to the skilled artisan that the transfection 
conditions have to be adjusted for each cell line employed. A 
basic course for establishing such transfection conditions is 
for example given in Toneguzzo et al . , Mol . Cell Biol. 6 
(1986) , 703-706 as well as in the description for the Biorad 
"Genepulser" . Suitable transfection conditions for mouse 
myeloma line NS-1 (ATCC TIB 18) are for example described in 
Mocikat et al . , Gene 136 (1993), 349-353. Selection of stable 
transf ormants is performed by cultivation of the 
transformants for at least 7 days in a suitable selective 
medium. The selection of stable transformants is necessary to 
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kill cells which have not incorporated the plasmid. The 
choice of the selective medium is of course dependent on the 
selection marker used. The preparation of suitable selective 
media is known from the prior art and may for example be 
found in Sambrook et al . , see above. 

In a preferred embodiment of the method of the invention 
the transfection is carried out by electroporation, calcium 
co-precipitation, lipofection, the DEAE dextran technique or 
retroviral gene transfer. -All of these methods are well known 
from the prior art. Therefore, it is known to the skilled 
artisan how. to adjust the conditions for every single 
transfection procedure in the method according to the 
invention. In another preferred embodiment of the method 
according to the invention the selection is performed in a 
medium containing as the selective agent mycophenolic acid, 
G418 or hygromycin. As mentioned above, these selective 
agents are well known from the prior art. Their choice is 
dependent on the selection marker used while their dosage may 
be derived from standard text books of molecular biology; cf . 
Sambrook et al . , see above. 

In another preferred embodiment of the method according 
to the invention the DNA sequence encodes constant domains of 

the Yi* Y2a/ Y 2 t>' Y 3 ' Y 4 * M< oc, 8 or e isotype. 

The DNA sequence according to feature (c) encodes 
cytokins selected from interleukins , interferons, colony- 
stimulating factors, lymphokins and growth factors. Examples 
for such DNA sequences are: IL-2, IL-4, IL-7, IL-12, IL-13, 

GM-CSF, or interferon Y- 
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The vectors of the present invention are introduced for 
example by the procedures characterized in more detail above 
into malignant B cells where they are integrated by 
homologous recombination and are stably expressed. By 
appropriate selection and identification procedures, such 
malignant B cells are identified which stably express the 
fusion protein. However, in one embodiment of the invention 
it is also possible to use malignant B cells containing the 
vector construct of the "invention direct-iy in the vaccination 
without previous selection of such cells which show stable 
expression of the fusion protein. Prior to vaccination, it is 
of course necessary to render the malignant B cells 
replication- incompetent by irradiation without affecting the 
expression of the fusion protein. 

Thus, it is not absolutely required to perform selection 
of the recombinant cells prior to injection into the patient. 
For an ant i- tumour immunization, the expression of the 
transf ormants is sufficient in which a homologous 
recombination event has taken place so that it is acceptable 
to administer a heterogenous cell population. For this 
reason, it is not absolutely required for the vector 
according to the invention to show the marker selectable in 
eukaryotic cells mentioned in feature (d) of claim 1. In 
cases, in which no selection of the recombinant cells is 
performed prior to injection into the patient, said marker 
may be omitted. 

The vector provided according to the invention may also 
be employed in an ex vivo assay. For this purpose, cultured 
dendritic cells are induced to present tumour- specif ic 
peptides and optionally also to activate T cells by means of 
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the fusion protein expressed by the recombinant tumour cells. 
The antigen-presenting cells or the activated T cells, 
respectively, would then be reintroduced into the patient. 

A great advantage in the injection of such malignant B 
cells producing the immunoglobulin-cytokin fusion protein is 
that time-consuming production and purification steps for the 
preparation of these proteins in clinically relevant amounts 
become unnecessary . 

The malignant B cell -into which the- vector according to 
the invention is incorporated may be for example a B cell 
leukemia cell, a B cell lymphoma cell, or a plasmacytoma 
cell. 

In the following, the invention will be described 
referring to the Example performed using an animal model. 
According to continual experience, the results obtained in 
this manner may also be applied to humans. It should be 
understood that the invention is not limited to the following 
specific Example but may be modified in the scope of the 
following Claims. 

Example; 

Vector construction 

The murine GM-CSF gene is cloned into pSP72 (cf. Fig. 3) 
via Pstl. The 5" portion of the gene is excised by EcoRV and 
Xmal and replaced by a PCR product cut by the same enzymes 
and lacking the 2 9 amino acids at the N terminus. In this 
manner, the construct pSP72 (AEV) -GMCSF(AL) is prepared. Into 
vector pSVgpt-huyi -A5 (Kardinal et al . , Eur. J. Immunol. 25, 
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132-131, 1995), a Sail restriction site is introduced 3' of 
the human IgGl-C„3 exon. The GM-CSF gene is cut from 
pSP72 (AEV) -GMCSF (AL) by Sail and ligated into the Sail site 
of modified pSVgpt -huyl -A5 . 

Gene transfe?: 

The recombination vector harbouring GM-CSF is linearized 
by EcoRI or BamHI and transferred into the murine B cell 
lymphoma cell line MPCll". "stably transfected cells are 
selected for the presence of the gpt gene by means of 
mycophenoli'c acid. Clones in which the construct has been 
integrated in site-specific manner (see Fig. 1) are 
identified by ELISA. 

Animal experiments 

The benefit of the modification of a lymphoma idiotype 
by homologous recombination for ant i- tumour immunization is 
demonstrated exemplarily using murine B cell lymphoma MPC11. 
This tumour is derived from the BALB/c mouse, it expresses 
IgG2b and within up to 20 days after inoculation of 10 3 cells 
into syngeneic animals leads to the death of 100% of the 
animals. Following transfer of the vector into MPC11 and 
identification of homologous recombinants, these recombinants 
are used for immunization of BALB/c mice. For this purpose, 5 
x 10 6 irradiated cells each are injected i.p. in an interval 
of three weeks. 7 days after the last injection a lethal 
inoculum of wild- type tumour cells is administered i.p. While 
the animals of the control group which have received only 
tumour cells but no pre- immunization are dying of the tumour 
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(group C in Fig. 2) , the immunized animals show a significant 
advantage of survival (group A) . If the vaccination is 
performed with MPC11 cells where into the heavy chain locus 
only the human IgGl -C region without GM-CSF gene has been 
introduced by homologous recombination, i.e. which express a 
xenogenized heavy chain, the survival period is only 
marginally prolonged. 

Since in the method described it is neither necessary to 
isolate the tumour idiotype from the lymphoma on the genetic 
nor on the protein level and there is no requirement for a 
production pf individual specific vaccines but a universal 
vector may be employed for all lymphomas, the time until the 
start of therapy may be significantly reduced. Use of the 
irradiated tumour cells modified by homologous recombination 
has not only the advantage that the time-consuming and 
effort -consuming purification of the fusion protein may be 
omitted. A significant advantage is that the tumour- 
protective effect is much more pronounced if the immunization 
is carried out with cells expressing a recombinant protein as 
compared to administration of the purified soluble protein. 

By the present recombination vector the time until the 
start of therapy may be considerably reduced. Furthermore, it 
is possible to employ the tumour cells modified by homologous 
recombination following irradiation for the vaccination 
without having to purify the fusion protein. By the Example 
given above, it could be demonstrated that surprisingly the 
tumour-protective effect is much more pronounced compared to 
immunization of the cells using purified soluble protein. 



